Study aim: To assess the effects of 4-week rope mallakhamb training on respiratory indices in girls. Material and methods: A group of 24 high-school girls aged 12 -16 years, who participated in interschool yoga competitions and in the Catch Them Young (CTY) programme, volunteered to participate in this study. They were randomly assigned into rope mallakhamb (M) and control (C) groups, n = 12 each. The M group was subjected to 4-week training consisting of various asanas (Paschimottanasana, Natrajasana, Nidrasana, Mayurasana and Savasana), the control group participated in the routine yoga mallakhamb training not containing the asanas mentioned. The following respiratory indices were determined using a wet spirometer: tidal volume (Vt), expiratory (ERV) and inspiratory (IRV) reserve volume, vital capacity (VC), forced vital capacity (FVC) and inspiratory capacity (IC). Results: The 4-week rope mallakhamb training brought about significant (p<0.05 -0.001) improvements (by 5 -13%) in all indices except FVC. None of the indices significantly improved in Group C.
Introduction
Yoga has been practiced for thousands of years. It is based on ancient theories, observations and principles of the mind-body connections. Substantial research has been conducted to look at the health benefits of yoga -yoga postures (asanas), yoga breathing (pranayama) and meditation. The word yoga is derived from the Sanskrit root Yuj, which means to join or to yoke. In philosophical terms, yoga refers to the union of the individual self with the universal self [8] . Yoga is one of six branches of classical Indian philosophy and has been practiced for thousands of years. References to yoga are made throughout the vedas, ancient Indian scriptures that are among the oldest texts in existence [13] . Two thousand years ago the Indian sage patanjali codified the various philosophies and methodologies of yoga into 196 aphorisms called "The Yoga Sutras" that helped to define the modern practice of yoga. The Sutras outline eight limbs, or disciplines, of yoga: yamas (ethical disciplines), niyamas (individual observances), asana (postures), pranayama (breath control), pratyahara (withdrawal of senses), dharana (concentration), dhyana (meditation) and samadhi (self-realisation, enlightenment). Yoga is traditionally believed to have beneficial effects on physical and emotional health [7] .
The empirical evidence accumulated over the last several decades supports the yoga-related benefits for physical health. Women with hyperkyphosis who participated in yoga practices twice a week for 12 weeks significantly improved their capacity to quickly stand up, move faster and reach longer, as well as their physical self-awareness and well being [3] . Yoga has also been shown to decrease pain and sensitivity of hands, to increase finger range of motion and grip strength in several clinical trials with individuals with osteoarthritis [4, 5] . There is also evidence that yoga practice improves muscle strength and endurance, flexibility and cardiopulmonary endurance [12] . In a preliminary trial with stroke survivors, subjects who adhered to the yoga programme experienced the most benefits in terms of mobility and balance [1] . Further, a randomised trial demonstrated that an 11-week programme of yoga practiced for at least one hour daily was as effective in controlling hypertension as traditional hypertensive medications [10] .
The practice of hatha yoga has been associated with increased relaxation, flexibility, balance, strength and overall fitness. Focus on slow breathing which occurs in yoga can improve heart rate variability and baroreflex sensitivity by co-ordinating cardiovascular rhythms [9] .
Asanas can be performed also in air with the use of appropriate equipment. The art of mallakhamb is one of the most ancient ones in physical culture. Malla (man) and khamba (pole) come together to create a dynamic and rigorous display of yoga-like poses. The origin of this sport may be traced back to the myths and legends of Hanuman, lord of monkeys. For a long time, mallakhamb was viewed as an exercise for wrestlers. In fact, some of the earliest exponents of this art were wrestlers. However, today mallakhamb is seen in India as a sport in itself. There are three ways in which mallakhamb may be performed -on a fixed pole, hanging pole or rope. Three decades ago, pole mallakhamb gave way to the rope mallakhamb. This is closest to the legendary Indian rope tricks and requires alertness, focus and balance. There were many studies on yoga and its effects on physical function [6] but with the phenomenal and ever increasing popularity of rope mallakhamb in the past few years there is a surprising lack of research in this specific area. This prompted us to undertake this study with the aim to assess the effects of 4-week rope mallakhamb training on respiratory indices in adolescent girls.
Material and Methods
Subjects: A group of high-school girls aged 12 -16 years, who participated in interschool yoga competitions and in the Catch Them Young (CTY) programme organised by the Department of Sports, Guru Nanak Dev University, volunteered to participate in this study. Their body height ranged from 168 to 172 cm and body mass from 44 to 48 kg. All subjects, after having been informed about the objective and protocol of the study, gave their written consents and the study was approved by the local Committee of Ethics. The subjects were randomly assigned into two groups: experimental (M; n = 12) and control (C; n = 12). Group M was subjected to a 4-week training on rope mallakhamb, 45 min a day. The training consisted of a variety of yogic asanas -Paschimottanasana, Natrajasana, Nidrasana, Mayurasana and Savasana performed on a rope (Fig. 1) and were led by a certified yoga instructor. The asanas:
A. Paschimottanasana (seated forward bend pose) -a yoga posture; legs outstretched, the upper body bends toward the lower.
B. Natarajasana (mountain pose) -a standing, balancing pose, back bend.
C. Nidrasana (yogic sleep pose) -a yoga posture; legs stretched out, the right-hand elbow flexed, palm resting on the neck and the left hand bends towards the lower.
D. Mayurasana (peacock pose) -a yoga posture; the subject is raised like a horizontal stick holding the floor with both palms with the support of elbows.
E. Savasana (corpse pose) -a yoga posture; consists of lying on the back and relaxing all limbs.
Subjects from the control group participated in the routine yoga mallakhamb training not containing the above asanas and were requested not to engage in any new physical activities for the duration of the study.
Methodology: The following respiratory indices were measured 3 times with the use of a wet spirometer, the respective average values being used in the analysis:
-Forced vital capacity (FVC) -The subject was asked to exhale forcibly after full inspiration; -Tidal volume (Vt) -The subject was asked to inhale a normal breath and then to place the mouthpiece of the spirometer between the lips and exhale normally into the spirometer; -Expiratory reserve volume (ERV) -After exhaling normally and placing the mouthpiece between the lips, the subject exhaled forcefully all the additional air possible; -Vital capacity (VC) -Following a maximum inspiration, all the air possible was forcibly exhaled through the mouthpiece; -Inspiratory reserve volume (IRV) -Following a maximum inspiration, the mouthpiece was placed and the air exhaled normally. The recorded value was subtracted from Vt producing the IRV value; -Inspiratory capacity (IC) -After exhaling normally, breathe in as deeply as possible, place the mouthpiece and exhale normally.
Data analysis: Student's t-test for independent data was used to assess the between-group differences and for dependent data to asses the Post-Pre differences. The level of p≤0.05 was considered significant.
Results
The results of respiratory indices in adolescent girls from the rope mallakhamb (M) and control (C) groups are presented in Table 1 . No significant between-group differences were found for the 'Pre' state. No significant improvement was noted for FVC, all other indices being significantly increased in the M group; highest improvement was noted for VC (by 13%; p<0.001), IC (by 11%; p<0.001) and IRV (by 10%; p<0.01), and lowest one for Vt (by 5%) and ERV (by 6%; both p<0.05). No significant changes were noted in the control group. 
Discussion
Physiological responses to physical training, including yoga, have been well studied by many investigators [11] . Yoga, a method of learning that aims to attain the unity of mind, body, and spirit through exercise, breathing and meditation [6, 8, 13] , that employs means like rope mallakhamb training, may be expected to positively influence many physiological functions including respiration. The results of this study showed that rope mallakhamb training lasting 4 weeks significantly improved a number of respiratory indices. Our findings are supported by those of Chanavirut et al. [3] who reported that yoga exercise significantly increased chest circumferences by 15 (middle and lower) to 37% (upper) as well as several respiratory indices -FEV1, FEV25-75% and FVC (by 12 -17%), the resting tidal volume remaining unaltered. No significant changes were noted in the control subjects.
Fig. 1. Asanas exercised in this study
The four weeks of rope mallakhamb training suggests that yoga training has a favourable effect on respiratory muscle strength and lung volume; this can be attributed to a combination of deep breathing and yoga postures of our training programme. We reported earlier that yoga training of longer duration improved respiratory pressures, HGS and HGE [15, 16] which are simple and accurate indices of strength of the respiratory muscles [2, 15] . It is clear from our data that rope mallakhamb training had significant effect on lung volume as compared to the control group.
In conclusion, the present study suggests that a 4-week rope mallakhamb training had significant effect on lung volume through a variety of effects including relaxation, stretching, and balancing of muscles, mobilisation of joints, improvement of posture and breathing, action on pressure points, calming the nervous system and improving homeostasis [14] . These data provide more evidence to support the beneficial effect of rope mallakhamb training on lung volume and thus, such training may be recommended to improve strength and endurance of respiratory muscles and may contribute to enhanced voluntary control of breathing.
